Background
==========

Acute lymphocytic leukemia (ALL) is a common blood cancer which causes high mortality in children \[[@b1-medscimonit-26-e923411]\]. Although the survival period of most patients can be extended through chemotherapy treatment, some individuals still show no response to chemotherapy or cannot tolerate the adverse effects of long-term chemotherapy \[[@b2-medscimonit-26-e923411]\]. Therefore, studies should explore new treatment strategies for ALL from an innovative perspective \[[@b3-medscimonit-26-e923411]\]. Tumor cells reprogram their metabolism from catabolism to anabolism to fuel cell rapid proliferation \[[@b4-medscimonit-26-e923411]\]. Similar to other solid tumors, previous studies have shown that ALL cells prefer glycolysis as the main energy source under sufficient oxygen conditions, a phenomenon called the Warburg effect \[[@b5-medscimonit-26-e923411]\]. This metabolic process can create substantial intracellular biomass, providing intermediates for the synthesis of proteins, lipids, nucleic acids, and other macromolecules required for cell proliferation \[[@b6-medscimonit-26-e923411]--[@b8-medscimonit-26-e923411]\].

Bromodomain-containing protein 4 (BRD4) belongs to the bromodomains and extra-terminal (BET) protein family. BET proteins regulate tumor development by regulating the expression of multiple transcription factors, including c-Myc and Bcl-2 \[[@b9-medscimonit-26-e923411]--[@b11-medscimonit-26-e923411]\]. c-Myc is encoded by proto-oncogene c-MYC, a metabolic sensor, and functions as a central regulator of proliferation, differentiation, and apoptosis \[[@b12-medscimonit-26-e923411],[@b13-medscimonit-26-e923411]\]. Overexpressed c-Myc promotes cell rapid proliferation and accelerates the metastasis process in a variety of malignant tumors, whereas BRD4-specific inhibitor JQ1 can induce cell apoptosis and significantly restrain progression of malignancy, suggesting that BRD4 can mediate the fate of tumor cells by c-Myc \[[@b14-medscimonit-26-e923411]--[@b16-medscimonit-26-e923411]\]. Also, a recent work reported that JQ1 effectively attenuates ALL *in vitro* by suppressing cell proliferation and accelerating apoptosis \[[@b17-medscimonit-26-e923411]\], but how JQ1 affects the metabolism of ALL and its underlying mechanisms has never been reported.

In our research, we found that c-Myc promoted rapid cell proliferation and improved the glycolysis ability of B-ALL cell lines, while JQ1 restrained the proliferation of ALL by suppressing c-Myc-mediated glycolysis. Our results may provide new therapeutic strategies for ALL.

Material and Methods
====================

Cell lines
----------

Human B-ALL cell lines (NALM6, REH, SEM, and RS411) and 293T cell lines were obtained from the ATCC (American Type Culture Collection). B-ALL and 293T cell lines were cultured in PRMI1640 and DMEM (HyClone) containing 10% fetal bovine serum (Thermo Fisher) and 1% penicillin-streptomycin (Gibco).

RNA extraction and quantitative reverse transcription-polymerase chain reaction (qRT-PCR) analysis
--------------------------------------------------------------------------------------------------

Total cellular RNA was extracted by TRIzol reagent (Life Technologies). Reverse transcription and real-time RT-PCR was conducted according to the protocol of the PrimeScript RT reagent Kit (Takara). After the cDNA was synthesized, qRT-PCR was performed following the protocol of the QIAGEN SYBR Green PCR kit. The primers used were:

1.  β-actin: forward (F):

    5′-TCTGGCACCACACCTTCTACAAT-3′ and

    reverse (R): 5′-TGGGGTGTTGAAGGTCTCAAA-3′;

2.  hexokinase 2 (HK2):

    F: 5′-CTCTC TGCAACCAGTTCTCTG-3′ and

    R: 5′-CCAGGCATTCGGCAATGTG-3′;

3.  lactate dehydrogenase A (LDHA):

    F: 5′-ATGGCAACTCTAAAGGATCAGC-3′ and

    R: 5′-CCAACCCCAACAACTGTAATCT-3;

4.  pyruvate kinase M2 (PKM2):

    F: 5′-ATGTCGAAGCCCCATAGTGAA-3′ and

    R: 5′-TGGGTGGTG AATCAATGTCCA-3′.

Western blot analysis
---------------------

Western blot analysis was conducted by the conventional method \[[@b15-medscimonit-26-e923411]\]. The primary antibodies mainly used were HK2 (CST \#2867), LDHA (CST \#3582), Phosphofructokinase, Platelet (PFKP) (CST \#8164), PKM2 (CST \#4053), C-MYC (CST \# 9402S), BCL-2 (Abcam ab32124), cleaved caspase 9 (Abcam ab3253), β-actin (HuaAn M1201-2), GAPDH (CST \#51740), and β-tubulin (HuaAn EM0103). The antibodies were subsequently detected by fluorescently labeled or horseradish peroxidase-linked secondary antibodies.

Cell viability assay
--------------------

Cell viability was assessed with CellTiter-Glo Luminescent Cell Viability Assay (Promega). The cells were plated and treated with gradient concentrations of JQ1 (Selleck, USA). After 72 h, the concentration of JQ1 was analyzed based on the fluorescence value when the drug killed 50% of the cells.

Cell proliferation assay
------------------------

The cells were plated and treated with JQ1, and the cells were counted after trypan blue staining from days 1 to 5.

Cell cycle analysis
-------------------

This assay was conducted following instructions of the Click-iT EdU Flow Cytometry Assay Kit (Life Technologies). The cells were plated and treated with JQ1. After 48 h, EdU was added to the cells and incubated for 1 h. After fixation, permeabilization, and staining, the cells were labeled with propidium iodide (PI). The analysis was made using a flow cytometer (Becton Dickinson).

Cell apoptosis analysis
-----------------------

The assay was measured following the protocol of the Annexin V Apoptosis Detection Kit (BD). The samples were assessed through flow cytometry.

Construction of overexpression stable cell lines
------------------------------------------------

The c-Myc and vector plasmids were acquired from Dr. Y Li (Wuhan University, China). The package and concentration of virus were determined as previously reported \[[@b17-medscimonit-26-e923411]\]. NALM6 and REH were cultured with the enriched virus medium and selected with puromycin to construct stable cell lines. Finally, the overexpression efficiency was verified.

Quantification of lactate and ATP analysis
------------------------------------------

The intracellular lactate and ATP of JQ1 or dimethyl sulfoxide (DMSO)-treated cells were determined following the instructions of the Glycolysis Cell-Based Assay Kit (Cayman) and Enhanced ATP Assay Kit (Beyotime Biotechnology), respectively.

Glucose uptake assay
--------------------

2-NBDG (Invitrogen) was used to test the glucose uptake ability of the cells. Briefly, the treated cells were labeled with fluorescent 2-NBDG for 30 min in a 5% CO~2~ incubator. After removing all media and washing with PBS, the samples were measured by flow cytometric analysis.

Seahorse analysis
-----------------

First, the cells were plated and treated with JQ1. Subsequently, the cells were resuspended in running buffer for 30 min and analyzed by an XF96 extracellular flux analyzer (Agilent Technologies). Based on the time points of glucose, oligomycin, and 2-DG injection, the basic conditions of glycolysis, maximal glycolytic capacity, and non-glycolytic activity were detected.

Metabolite analysis
-------------------

First, a total of 1×10^7^ cells were harvested. Next, the cells were cracked in ice-cold 80% methanol and centrifuged to obtain the supernatant. Finally, the supernatant was analyzed by liquid chromatography-tandem mass spectrometry (LC-MS/MS).

RNA-seq analysis
----------------

RNA extraction was done using TRIzol. The experimental process included the RNA-seq protocols suggested by BGI (China). First, total RNA was reversed to cDNA for constructing the library, and the sequencing was conducted on the cDNA library. The raw reads were filtered and clean reads were mapped according to the Bowtie2 and HISAT. Then, the gene expression level (FPKM) was calculated. The data were analyzed using the BGI online system.

Statistical analysis
--------------------

The data are presented as the mean±standard deviation from at least 3 independent experiments. The *t* test was used for comparisons between 2 groups. *P*\<0.05 was viewed as statistically significant.

Results
=======

JQ1 restrained the proliferation of B-ALL cell lines
----------------------------------------------------

To explore the cytotoxic effects of JQ1 on B-ALL cells, we tested the cell viability after NALM6, REH, SEM, and RS411 cell lines were treated with a gradient concentration of JQ1 for 72 h. The half-maximal inhibitory concentration of REH, NALM6, SEM, and RS411 reached 1.16, 0.93, 0.45, and 0.57 μM, respectively ([Figure 1A](#f1-medscimonit-26-e923411){ref-type="fig"}). The cell viability of all cell lines significantly declined in a time-dependent manner after 1-μM JQ1 treatment for 5 days ([Figure 1B](#f1-medscimonit-26-e923411){ref-type="fig"}). Next, we measured the cell cycle by staining with EdU and PI. The vast majority of B-ALL cells were distributed in the S/G2/M phase ([Figure 1C](#f1-medscimonit-26-e923411){ref-type="fig"}), whereas the cell populations of G0/1 phase dramatically increased after treatment with JQ1 for 48 h ([Figure 1D](#f1-medscimonit-26-e923411){ref-type="fig"}), suggesting that JQ1 restrained the proliferation of B-ALL cells through blocking the cell cycle. RNA-seq data showed that the mRNA level of the cell cycle-related genes cyclin-dependent kinase 2 (CDK2) and CDK4 decreased after JQ1 treatment. The expression of apoptotic genes such as MCL1 was increased by JQ1 treatment ([Figure 1E](#f1-medscimonit-26-e923411){ref-type="fig"}). Moreover, assessment of cell apoptosis of B-ALL cells treated by JQ1 for 48 h showed that the apoptotic rates of B-ALL cell lines increased, especially those of SEM and RS411, indicating that JQ1 induced apoptosis in B-ALL cells ([Figure 1F, 1G](#f1-medscimonit-26-e923411){ref-type="fig"}). Meanwhile, the expression of apoptotic protein cleaved caspase 9 and anti-apoptotic protein Bcl-2 were assessed by Western blot. The results displayed that cleaved caspase 9 was markedly upregulated and Bcl-2 was observably downregulated in JQ1-treated B-ALL cells ([Figure 1H](#f1-medscimonit-26-e923411){ref-type="fig"}).

JQ1 suppressed the growth of B-ALL cell lines by inhibiting glycolysis
----------------------------------------------------------------------

The proliferation of tumor cells needs sufficient nutrients, including glucose, lipids, and amino acids. Therefore, tumor cells reprogram their metabolism from catabolism to anabolism to fuel cell proliferation \[[@b18-medscimonit-26-e923411]\]. However, the influence of JQ1 on the energy metabolism of B-ALL cells has not been previously reported. We analyzed the RNA-seq data and discovered that JQ1 significantly downregulated the mRNA level of metabolic pathways, cell cycle, and DNA replication ([Figure 2A](#f2-medscimonit-26-e923411){ref-type="fig"}). In addition, the downregulated genes were enriched in glycolysis, mammalian target of rapamycin signaling, and oxidative phosphorylation ([Figure 2B](#f2-medscimonit-26-e923411){ref-type="fig"}), indicating that JQ1 significantly inhibited the glycolysis of B-ALL cells. To confirm that JQ1 impedes anaerobic glycolysis of B-ALL cells, we measured the glucose uptake of B-ALL cells after treatment with JQ1 for 48 h. The results demonstrated that JQ1 clearly reduced the glucose uptake capacity of B-ALL cell lines in varying degrees, suggesting that glucose metabolism was affected ([Figure 2C, 2D](#f2-medscimonit-26-e923411){ref-type="fig"}). Lactate production and ATP content of B-ALL cells were determined by relevant reagent kits. The levels of lactate and ATP notably declined after JQ1 treatment for 48 h, indicating that JQ1 inhibits glycolysis of leukemia cells ([Figure 2E, 2F](#f2-medscimonit-26-e923411){ref-type="fig"}, respectively). Furthermore, we used the extracellular acidification rate (ECAR) to directly determine the glycolysis capacity of NALM6 cells, and found that the maximal glycolytic capacity of cells dramatically decreased after JQ1 treatment ([Figure 2G](#f2-medscimonit-26-e923411){ref-type="fig"}). Moreover, to further confirm that JQ1 reduced the anaerobic glycolysis of B-ALL cells, we measured the intermediate products of glycolysis in JQ1-treated B-ALL cells by LC-MS/MS, and found that the levels of metabolic intermediates of glycolysis, such as glucose-6-phosphate (G-6-P) and lactate, were significantly lower in JQ1-treated B-ALL cells ([Figure 2H](#f2-medscimonit-26-e923411){ref-type="fig"}). To verify that JQ1 suppressed the proliferation of B-ALL cell lines by inhibiting glycolysis, the cell cycle of B-ALL cells was measured after treatment with 2-Deoxy-D-glucose (2-DG), a glycolysis inhibitor. We observed the cell cycle block after JQ1 treatment was partially abolished in 2-DG-pretreated cells ([Figure 2I](#f2-medscimonit-26-e923411){ref-type="fig"}).

JQ1 restrained the glycolysis of B-ALL cell lines by downregulating the expression of metabolic enzymes
-------------------------------------------------------------------------------------------------------

Glycolysis is the initial step in glucose metabolism and involves 9 reactions, each of which is catalyzed by distinct rate-limiting enzymes, such as HK, phosphofructokinase, and pyruvate kinase \[[@b19-medscimonit-26-e923411]\]. To determine whether JQ1 represses the glycolytic metabolism of B-ALL cells through downregulating the expression of metabolic enzymes, we reanalyzed the RNA-seq data and found that JQ1 remarkably downregulated the rate-limiting enzymes of glycolytic metabolism, such as HK2, PFKP, and LDHA ([Figure 3A](#f3-medscimonit-26-e923411){ref-type="fig"}). We validated the expression of glycolytic rate-limiting enzymes by qRT-PCR and revealed that JQ1 dramatically inhibited the expression of HK2, PKM2, and LDHA ([Figure 3B--3D](#f3-medscimonit-26-e923411){ref-type="fig"}). The protein expressions of the rate-limiting enzymes of glycolytic metabolism were detected by Western blot, showing that JQ1 significantly downregulated the expressions of HK2, PFKP, PKM2, and LDHA ([Figure 3E](#f3-medscimonit-26-e923411){ref-type="fig"}).

JQ1 induced cell cycle block by inhibiting c-Myc-mediated glycolysis
--------------------------------------------------------------------

C-Myc is the most commonly reported target of BET inhibitors \[[@b20-medscimonit-26-e923411]\]. c-Myc regulates the expression of many glycolysis-related genes such as PKM2 and LDHA, and it concomitantly activates cell division cycle protein 25A (CDC25A) gene expression \[[@b21-medscimonit-26-e923411]--[@b23-medscimonit-26-e923411]\]. We hypothesized that JQ1 leads to cell cycle block by repressing the expression of c-Myc-mediated glycolytic genes. To test this hypothesis, we first confirmed that JQ1 suppressed the proliferation of B-ALL cells by downregulating c-Myc ([Figure 4A](#f4-medscimonit-26-e923411){ref-type="fig"}). To test whether the reduction of glycolysis of leukemia cells induced by JQ1 is mediated through c-Myc, we overexpressed c-Myc on NALM6 and REH cell lines by lentivirus infection and confirmed that the protein levels of c-Myc were upregulated in NALM6 and REH cells ([Figure 4B](#f4-medscimonit-26-e923411){ref-type="fig"}). The overexpression of c-Myc could not be inhibited by treatment with JQ1 ([Figure 4C, 4D](#f4-medscimonit-26-e923411){ref-type="fig"}). We discovered that the cell populations in the S phase were reversed in c-Myc-overexpressing B-ALL cells after treatment with JQ1 ([Figure 4E, 4F](#f4-medscimonit-26-e923411){ref-type="fig"}). We also discovered that the levels of glucose uptake, intracellular lactate, and ATP were dramatically rescued in c-Myc-overexpressing B-ALL cells after treatment with JQ1 ([Figure44G--4I](#f4-medscimonit-26-e923411){ref-type="fig"}), indicating that JQ1 restrained the glycolysis of B-ALL cells by inhibiting c-Myc expression. Finally, we assessed the protein levels of glycolysis key enzymes in c-Myc-overexpressing cells after JQ1 treatment, and observed that the protein expressions of these enzymes were rescued in c-Myc-overexpressing B-ALL cells ([Figure 4J](#f4-medscimonit-26-e923411){ref-type="fig"}).

Discussion
==========

The 5-year survival rate of patients with ALL has reached over 80% through use of risk-stratified combination chemotherapy or bone marrow transplantation and improved supportive care \[[@b24-medscimonit-26-e923411]\]. However, almost 20% of ALL patients in remission still have relapse, which leads to treatment failure \[[@b25-medscimonit-26-e923411]\]. Therefore, therapeutic strategies must be developed to overcome drug resistance and ALL relapse. Our study shows that JQ1 can effectively attenuate B-ALL *in vitro* by suppressing cell proliferation and accelerating apoptosis. These results are consistent with previous observations on solid tumors \[[@b11-medscimonit-26-e923411],[@b14-medscimonit-26-e923411],[@b26-medscimonit-26-e923411],[@b27-medscimonit-26-e923411]\]. Moreover, our data indicate that triggering cell cycle arrest, which results in more cells in the resting state, is the key to treatment with JQ1 \[[@b28-medscimonit-26-e923411]\]. The rapid proliferation of tumor cells is accompanied by enhanced glycolysis in most cases \[[@b4-medscimonit-26-e923411],[@b7-medscimonit-26-e923411],[@b29-medscimonit-26-e923411]--[@b31-medscimonit-26-e923411]\]. However, the effect of JQ1 on the metabolism of acute lymphocytic leukemia cells is unknown. In the present study, we first noted that JQ1 can significantly affect the glycolytic metabolism of B-ALL cells by inhibiting glucose absorption and metabolic process and eventually causing the reduction of metabolic intermediates, such as lactate and ATP, which are the main materials and energy sources for cell synthesis. According to the results of RNA-seq, JQ1 suppressed the glycolytic process by inhibiting the expression of glycolysis key enzymes, including hexokinase 2, phosphofructokinase, and lactate dehydrogenase A. We also found that the glycolysis inhibitor 2-DG blocked the cell cycle arrest of B-ALL cells induced by JQ1, suggesting JQ1 suppressed the proliferation of B-ALL by partially inhibiting glycolysis. JQ1 not only affected glycolysis, but also altered the mitochondrial oxidative phosphorylation metabolism of B-ALL cells, but the mechanism is unclear.

As a BRD4-specific inhibitor, JQ1 can mediate the proliferation and apoptosis of a variety of tumor cells by c-Myc \[[@b26-medscimonit-26-e923411],[@b32-medscimonit-26-e923411]\]. In our study, the level of c-Myc decreased in B-ALL cells after JQ1 treatment. Because c-Myc plays an important part in cell metabolism \[[@b12-medscimonit-26-e923411],[@b13-medscimonit-26-e923411],[@b33-medscimonit-26-e923411],[@b34-medscimonit-26-e923411]\], we hypothesized that glycolysis repression mediated by JQ1 is due to the reduction of the c-Myc level. Then, we carried out a rescue experiment by overexpressing c-Myc, and observed that the effect of JQ1 decreased, accompanied by the relief of cell cycle arrest and glycolysis, suggesting that the inhibited glycolysis and cell cycle arrest of JQ1 was mediated by c-Myc.

Through detecting the therapeutic effect of JQ1 on B-ALL cell lines, we confirmed that glycolysis is involved in these leukemic cells, and further extended understanding of the mechanism of JQ1 in the treatment of B-ALL by inhibiting the c-Myc-mediated glycolysis. These findings offer a new treatment strategy for clinical practice in ALL.

Conclusions
===========

Our study verified that c-Myc promoted rapid cell proliferation and improved the glycolysis ability of B-ALL cell lines, whereas JQ1 restrained the proliferation of ALL by inhibiting c-Myc-mediated glycolysis. Our results are clinically significant and may provide a new treatment strategy for ALL.
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![JQ1 restrained the proliferation of B-ALL cell lines. (**A**) Drug sensitivity assay of NALM6, REH, SEM, and RS411 cell lines after treatment with gradient concentrations of JQ1 for 72 h. (**B**) The cell growth curve of NALM6, REH, SEM, and RS411 cells after treatment with DMSO or JQ1 (1 μM) for 5 days. (**C**) EdU- and PI-labeled cell cycle of NALM6, REH, SEM, and RS411 cells were analyzed after treatment with DMSO or JQ1 (1 μM) for 48 h. (**D**) Statistical analysis of cell cycle distributions in **C**. (**E**) Heatmap of cell cycle and apoptosis-related genes detected by RNA-seq in NALM6 cells after treatment with DMSO or JQ1 (1 μM) for 48 h. (**F**) Annexin V- and PI-labeled cell apoptosis of NALM6, REH, SEM, and RS411 cells analyzed by flow cytometry after DMSO or JQ1 (1 μM) treatment for 48 h. (**G**) Statistical analysis of cell apoptosis rates in **F**. (**H**) Expressions of cleaved caspase 9 and BCL-2 detected by Western blot in NALM6, REH, SEM, and RS411 cells after treatment with DMSO or JQ1 (1 μM) for 48 h.\* P\<0.05; \*\* P\<0.01.](medscimonit-26-e923411-g001){#f1-medscimonit-26-e923411}

![JQ1 suppressed the growth of B-ALL cell lines by inhibiting glycolysis. (**A**) Bubble diagram of enrichment analysis in NALM6 cells measured by RNA-seq after treatment with DMSO or JQ1 (1 μM) for 48 h. (**B**) Pathway analysis of downregulated metabolic genes (False Discovery Rate \<0.05) in JQ1-treated NALM6 cells. (**C**) Glucose uptake of NALM6, REH, SEM, and RS411 cells detected by flow cytometry after treatment with DMSO or JQ1 (1 μM) for 48 h. (**D**) Statistical analysis of NALM6, REH, SEM, and RS411 cells estimated using the related kits after DMSO or JQ1 (1 μM) treatment for 48 h. (**E**) Quantification of lactate production in NALM6, REH, SEM, and RS411 cells assessed using the related kit after treatment with DMSO or JQ1 (1 μM) for 48 h. (**F**) Quantification of intracellular ATP in NALM6, REH, SEM, and RS411 cells assessed using the related kits after treatment with DMSO or JQ1 (1 μM) for 48 h. (**G**) Detection of ECAR in NALM6 cell after treatment with DMSO or JQ1 (1 μM) for 48 h by seahorse. (**H**) Schematic map of glycolytic metabolism and the metabolic intermediates of glycolysis measured by LC-MS/MS. (**I**) The cell cycle of JQ1 (2 uM)-treated NALM6 cells analyzed by flow cytometry after pretreatment with 2DG (5mM) for 12 h. \* P\<0.05; \*\* P\<0.01.](medscimonit-26-e923411-g002){#f2-medscimonit-26-e923411}

![JQ1 restrained the glycolysis of B-ALL cell lines by downregulating the expression of metabolic enzymes. (**A**) Heatmap of glycolysis-related genes analyzed by RNA-seq in NALM6 cells after treatment with DMSO or JQ1 (1 μM) for 48 h. (**B--D**) Relative mRNA expression levels of HK2, PKM2, and LDHA measured by qRT-PCR in NALM6, REH, SEM, and RS411 cells after treatment with DMSO or JQ1 (1 μM) for 48 h. (**E**) Protein expressions of HK2, PFKP, PKM2, and LDHA detected by Western blot in NALM6, REH, SEM, and RS411 cells after DMSO or JQ1 (1 μM) treatment for 48 h.\* P\<0.05; \*\* P\<0.01.](medscimonit-26-e923411-g003){#f3-medscimonit-26-e923411}

![JQ1 induced cell cycle arrest by inhibiting c-Myc-mediated glycolysis. (**A**) Protein expression of c-Myc determined by Western blot in NALM6, REH, SEM, and RS411 cells after treatment with DMSO or JQ1 (1 μM) (1, 2, and 4 μM) for 48 h. (**B**) Overexpression level of c-Myc in NALM6 and REH cells was checked by Western blot. (**C, D**) The expression level of c-Myc in NALM6 and REH cells tested by Western blot after treatment with DMSO or JQ1 (1 μM) in a time course. (**E, F**) EdU- and PI-labeled cell cycle of c-Myc-overexpressing NALM6 and REH cells analyzed by flow cytometry after DMSO or JQ1 (2 μM) treatment for 24 h. (**G**) Quantification of intracellular lactate in vector and c-Myc-overexpressing NALM6 cells after DMSO or JQ1 (2 μM) treatment for 24 h. (**H**) Quantification of intracellular ATP in vector and c-Myc-overexpressing NALM6 cells after DMSO or JQ1 (2 μM) treatment for 24 h. (**I**) Glucose uptake of vector and c-Myc-overexpressing NALM6 cells analyzed by flow cytometry after treatment with DMSO or JQ1 (2 μM) for 24 h. (**J**) Levels of HK2 and LDHA in c-Myc-overexpressing NALM6 and REH cells tested by Western blot after treatment with DMSO or JQ1 (2 μM) for 24 h.\* P\<0.05.](medscimonit-26-e923411-g004){#f4-medscimonit-26-e923411}
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